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Chapter 1.  Introduction 

 

1.1 Background to the study 

Out of the 4.0 Pg C (1 Pg = 1 Gt = 10
15

 g) recycled to oceans and terrestrial pools from the 

atmosphere annually, it is estimated that 3.4 Pg of C cycle through the terrestrial sink first 

before it is recirculated back to the atmosphere (Tans et al., 1990; Batjes, 1996). This makes the 

terrestrial ecosystem a potentially significant sink of or source of atmospheric C. It is postulated 

that the terrestrial sink has the capacity to sequester the 3.0 Pg C emitted to the atmosphere 

annually in addition to the C already in the sink (Schimel, 1995; Flach et al., 1997). 

Consequently, terrestrial ecosystems world-wide are being evaluated for their potential to abate 

C emissions to the atmosphere. About 75% of the organic carbon (OC) in the terrestrial sink is 

in the top 1.0 m of soil, 90% of it as soil organic matter (SOM) (Flach, et al., 1997) while the 

rest is distributed between above- and belowground vegetation compartments (Figure 1.1). 

 

Approximately 17 – 50% of soil organic carbon (SOC) is of plant root origin compared with 

only 7 – 20% from aboveground plant portions (Bolinder et al., 1999; Kirsi and Sisko, 1999; 

Kuzyakov & Domanski, 2000; Coleman et al., 2004). Root contributions to SOC are 

particularly important in deeper horizons where aboveground inputs are of minor importance 

(Dodd & Mackay, 2011). Plant roots differ in their capacity to explore the soil volume, 

depending on the geographical location, botanical composition, land-use change and 

management history, and prevailing environmental factors (Canadell et al., 1996; Jackson et al., 

1996; Casper and Jackson, 1997; Schenk and Jackson, 2002). How these differences might 

impact on root functional traits associated with foraging for water and nutrients, and cycling of 

C and in turn mediate the stratification of C stocks down the soil profile is not well understood.  

 

Few studies have investigated the depth distribution of plant roots in relation to profile 

distribution of SOC stocks (Schulz et al., 1996; Jobaggy & Jackson, 2000). Where attempts 

have been made, fine root biomass (FRB) has been the most used predictor of SOC (Kaisi and 

Grote, 2007; Garten et al., 2011). Little has also been done to explore root traits that could 

potentially be better predictors of SOC stocks than FRB. For example, it has been reported that 

increases in specific root length (SRL), fine root volume (FRV), root length density (RLD), root 
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surface area (RSA) and specific root tips abundance (SRTA) can occur without a change in 

FRB (Ryser & Eek, 2000; Tani et al., 2003). This can occur where the same FRB is re-

distributed low-order (most distal) branches that have been most positively correlated with large 

SRL, RSA, FRV and RTA, which are in turn, associated with increased transfer of C to the soil 

(Guo et al., 2008b). For example, Guo et al. (2008a) found that the native pasture that had 

significantly larger soil C stocks than the adjacent pine plantation also had total root length nine 

times that of the pine in NSW. 

 

Figure 1.1 The terrestrial carbon sink indicating global estimates of organic carbon stocks (1 

Pg = Tg = 10
15

 g). The values are estimates from literature (Schimel, 1995; Batjes, 1996; 

Flach et al., 1997; Grace et al., 2006). 

 

In addition, roots under the native pasture were longer-lived than those under the pine 

plantation, suggesting that accumulation of larger soil C stocks under the native pasture was due 

more to the activity of living roots than through root death and decomposition which were both 

higher under the pine plantation. More in-depth studies are needed to identify those root 

morphological traits that are most correlated with soil C stocks and to determine if these 

correlations are consistent across land-uses, sites and species. These insights can shed light on 
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the specific mechanisms and processes through which fine roots input C to the soil and how 

these are impacted on by land-use and management. 

 

1.2 Problem statement 

Plants differ in their ability to explore the soil solid matrix (Canadell et al., 1996; Greenwood 

and Hutchinson, 1998; Schenk and Jackson, 2002; Arora and Boer, 2003; Lodge and Murphy, 

2006). The interplay among land-uses, species and environmental factors in mediating 

differences in soil exploration patterns and the associated changes in root traits are not well 

understood. In addition, FRB is the variable that has been used the most to predict soil C stocks 

(Guo et al., 2007; Kaisi and Grote, 2007). However, FRB is not always the best predictor of soil 

C stocks (Guo et al., 2008b) which is predominantly a function of fine roots whose contribution 

to root biomass is relatively small (Akinnifesi et al., 1999; Wang et al., 2006; Guo et al., 

2008b), because of the low tissue density of fine roots (Ryser & Eek, 2000). Furthermore, plant 

root phenology has been reported to vary with growing season and light intensity (Jacksosn and 

Caldwell, 1992; Wahl et al., 2001; Garten et al., 2011), depending on the photosynthetic 

pathway and level of shade-tolerance of the species (Begna et al., 2002). The relative 

importance of the contributions of these factors to changes in C stocks on the Northern 

Tablelands of NSW has not been investigated. Although land-use effects and differences among 

species have been widely reported to influence root litter mineralisation rates (Fu et al., 2002; 

Kuzyokov and Larionova, 2005), empirical studies to back up these claims are few, especially 

on the Northern Tablelands of NSW. Little is also known about root litter decomposability and 

the factors influencing it (Personeni & Loiseau, 2004). This information is crucial because root 

litter decomposability is one of the pathways through which plants input C to the soil (Jones et 

al., 2009) and also influence priming of soil organic matter (de Graaf et al., 2010).  

 

1.3 Study justification 

Plant roots are increasingly, being reported as a significant source of C in soil especially in 

deeper layers (Guo et al., 2007; Dodd and Mackay, 2011). The morphology and depth 

distribution of fine roots are important determinants of the survival of plants. It is imperative to 

identify root functional traits most correlated with SOC stocks and how these are impacted by 

land-use or vary among species during critical growth stages. Insights into these knowledge 

gaps will increase our ability to infer changes in the SOC stocks most sensitive to changes in 

land-use and management and inform modification to existing land-uses to foster C 
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sequestration belowground.  In-depth insights into these interrelationships will shed light on (i) 

root proliferation and spatial exploration patterns of soil, (ii) those root functional traits most 

associated with accumulation of SOC stocks, and (iii) potential root turnover and rate of transfer 

of root C to soil. 

 

1.4 Study Objectives 

1.4.1 Broad objective 

Evaluate root contributions to carbon sequestration in an Alfisol (Chromosol) on the Northern 

Tablelands of NSW, Australia. 

 

1.4.2 Specific objectives 

a. Evaluate the impact of land-use on profile distribution of fine root biomass and 

associated changes in fine root functional traits under improved pastures, native pastures 

and woodlands across Kentucky, Newholme and Uralla on the Northern Tablelands of 

NSW. 

b. Characterise the distribution of root and soil carbon and nitrogen stocks down the soil 

profile to 1.0 m under the selected land-uses across the three sites. 

c. Identify root functional traits most strongly correlated with SOC and soil dissolved 

organic carbon stocks under the three land-uses across the three sites. 

d. Compare the decomposability of root litters under improved pastures, native pastures 

and woodlands and between surface and subsurface root litters. 

e. Characterise seasonal distribution of root biomass and associated changes in root 

functional traits down the soil profile of selected C3 and C4 grasses of NSW differing in 

sun- or shade-adaptability at 0% and 75% shading. 

f. Examine the seasonal distribution of root and soil carbon and nitrogen stocks of the 

selected grasses at the two levels of exposure down the soil profile to 1.0 m. 

g. Compare the decomposability of root litters under the three species and between surface 

and subsurface root litters when incubated in a soil of high nitrogen or low nitrogen. 
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1.5 Study outline 

This study was conducted on the Northern Tablelands of New South Wales (NSW), Australia in 

two phases. Phase I addressed specific objectives (i) – (iv) and Phase II objectives (v) – (viii). 

This thesis is organised into eight chapters, with Chapter 1 encompassing the general 

introduction, background to the study, problem statement, study justification and study 

objectives. Chapter 2 deals with the impact of land-use on profile distribution of fine root 

biomass and associated changes in root functional traits under three selected land-uses and 

explores interrelationships among the root traits. The profile distribution of fine root and soil 

carbon and nitrogen stocks under the land-uses and the root traits most strongly correlated with 

SOC and dissolved organic carbon (DOC) stocks are explored in Chapter 3. In Chapter 4, the 

decomposability of root litters under the three land-use × site combinations and how the CO2-C 

effluxes vary between surface and subsurface root litters are examined. Chapter 5 examines the 

seasonal distribution of fine root biomass and associated changes in root functional traits of 

three C3 and C4 native grasses of NSW differing in sun- or shade-adaptability and explores 

interrelationships among the root traits down to 1.0 m. The profile distribution of fine root and 

soil carbon and nitrogen stocks among the grass species and the root traits most strongly 

correlated with SOC and dissolved organic carbon (DOC) stocks are explored in Chapter 6. In 

Chapter 7, the decomposability of root litters of the three species in relation to their location in 

the soil profile is examined in a high-N and low-N soil. Chapter 8 explores the general 

discussion of the results, conclusions and research imperatives (where possible). 
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